Background: While the effects of a proatherogenic diet have been widely studied in the context of systemic inflammation, much less is known about its effects on central or brain inflammation and its modulation with age. In this study, we examined the effect of a high cholesterol/choline diet in adult and older acyclic females to assess its impact on systemic and central inflammatory markers. Moreover, since the loss of ovarian hormones at menopause may predispose women to increased production of pro-inflammatory cytokines, we also tested the impact of estrogen replacement to adult and older females in diet-induced inflammation. Methods: Ovariectomized adult female rats and older (reproductive senescent) female rats were replaced with estrogen or a control pellet and maintained thereafter on a diet containing either 4% cholesterol/1% choline or control chow for 10 weeks. Interleukin 1β (IL-1β) expression in the liver was used as a marker of systemic inflammation, while a panel of cytokine/chemokines were used to examine the effects of diet on the hippocampus. Results: IL-1β expression was elevated in the liver of adult and reproductive senescent females fed with the high cholesterol diet, although this was restricted to groups that were ovariectomized and not replaced with estrogen. Estrogen-treated animals of both ages did not have elevated IL-1β levels when fed the high cholesterol diet. Dietinduced changes in cytokine/chemokine expression in the hippocampus however were critically age dependent and restricted to the reproductive senescent females. In this group, the high cholesterol diet led to an increase in interleukin (IL)-4, IL-6, IL-12p70, IL-13, RANTES (Regulated on Activation, Normal T Expressed and Secreted) and VEGF (vascular endothelial growth factor). Moreover, estrogen treatment to reproductive senescent females suppressed diet-induced expression of specific cytokines (RANTES, VEGF, IL-6) and attenuated the expression of others . Conclusions: These data indicate that a proatherogenic diet presents a significant risk for central inflammation in older females that are deprived of estrogen treatment.
Introduction
Post-menopausal women have an increased risk for the development of osteoporosis, heart disease and neurodegenerative diseases. This increased risk, in part, may be due to the loss of ovarian hormones and a concomitant heightened inflammatory profile. Rodent and clinical studies show that surgical and/or natural estrogen deficiency selectively increases pro-inflammatory cytokines such as interleukin-1β (IL-1β), interleukin-6 (IL-6) and tumor necrosis factor alpha (TNFα) from blood monocytes (Pacifici et al., 1989) , granulocytes, macrophages (Jilka et al., 1992) and bone marrow (Bismar et al., 1995) . Moreover, cytokine expression, such as IL-1β, has been linked to cognitive decline through its actions on the hippocampus and related structures. Intercerebroventricular injections of IL-1β (10-20 ng) impaired contextual fear conditioning (Goshen et al., 2007; Pugh et al., 1999) and overexpression of IL-1β led to impairments in acquisition and retention on a spatial learning task in rodents (Moore et al., 2009 ). The pro-inflammatory cytokine IL-6 has been shown to exacerbate degeneration of forebrain GABAergic interneurons and lead to cognitive decline in three tests of spatial learning in mice (Dugan et al., 2009) . Moreover, in hippocampal slices IL-1β (Bellinger et al., 1993) and IL-18 (Cumiskey et al., 2007) inhibit long term potentiation (LTP).
Using acyclic female rats, which mimic salient aspects of the human menopause, our laboratory has shown that estrogen replacement to these reproductive senescent females is pro-inflammatory, following excitotoxic injury to the olfactory bulb (Nordell et al., 2003) and neurotoxic in MCA-associated ischemic stroke (Selvamani and Sohrabji, 2008) . Furthermore, reproductive senescent females display a constitutive increase in blood brain barrier permeability and loss of microvascular integrity as compared to their younger counterparts (Bake and Sohrabji, 2004) . Thus, reproductive senescent females may be more susceptible to neural inflammation following a chronic peripheral or Journal of Neuroimmunology 223 (2010) [31] [32] [33] [34] [35] [36] [37] [38] 
